The modern decathlon is a sport consisting of ten different events held over two days, played by men. Depending on the complexity of combined events, variety of events (runs, throws, jumps), the multi-stage, time-consuming and difficult training process the sport is considered as one of the most difficult. The analysis of careers of the best decathlon participants and applying advanced data-mining methods can help define the patterns occurring between each decathlon event and the final result. The research material encompasses career data of the 25 top competitors from Poland in years 1985-2015. Principal component analysis (PCA) was used in the research in order to designate new uncorrelated variables (components), representing input data across a new plane. Data analysis involved appointment of correlations between the events, determining the number of main components taken into account in further studies, analysis of the weight of each variable in formation of main components as well as visualisation and interpretation of results in the new plane described by the determined main components. Through the implementation of PCA method in the process of analysis it was possible to designate over 69% of compound data volatility with the use of the first three components. The first component, comprised of seven variables, displays the largest share in the total variability. The study of the relationship between variables in the new plane displayed strong correlations between sprint events (100 m, 110 m hurdles) and long jump and pole vault. No correlations between the 1,500 m run and other events were found.
Introduction
The modern decathlon is a combined event, played by men, comprising ten events held over two days. This complex form of track and field competition is characterised by varied composition of events (runs, throws, jumps), differing in terms of effort and technique and requires a competitor to possess a high degree of motor skills (speed, strength, endurance) and perfectly mastered technique (IAAF, 2018; Quercetani, 2000) .
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Bartosz Dziadek, Janusz Iskra, Krzysztof Przednowek Decathlon is one of few athletic competitions, in which the results from each component are recalculated into points and summed, with the final result being the measure of the competitor's proficiency. Because of the number of component events and complexity of that combined event the training process of a decathlon competitor is a lengthy, multi-stage and difficult process (Socha, 1977) .
Because of that, scientific research of decathlon's structure turned out to be crucial, as it could assist the competitors and trainers in optimising the training process. Over the course of the years there were numerous works, which employed advanced mathematical and statistical methods in analysis. Furdal (1986) highlighted in his paper the importance of studies carried out as early as in the 1950s and 60s (Karvonen, Niemi, 1953; Zaciorski, Godik, 1963) which utilised factor analysis for checking the correlations between the total result and component events. In the same work the author carried out an analysis on the basis of 158 world's best decathlon competitors using oblique component method and principal profile method, which resulted in determining tree correlated event groups in decathlon and separation of six main competitor profiles in relation to acquired results (Furdal, 1986) .
Currently, there are also works, in which advanced calculation methods (e.g. factor analysis, configural frequency analysis) were used to define the type of competitors which are successful in decathlon because of their aptitude and motor skills (Bilić, 2015; Stemmler, Bäumler, 2005) , as well as to study the hidden structure of decathlon (Ertel, 2011) . Park, Zatsiorsky (2011) in their work used the principal component analysis (PCA) to designate new variables describing the structure of decathlon on the basis of the results of competitors competing during Olympic Games in years . Another work the principal component analysis was used to reduce the number of variables describing the career progress of decathlon competitors competing in years 2004-2013, the results of which were used to predict the results of future events with the use of artificial neural networks (Chen, Zhang, 2016) .
The goal of the work was the implementation of advanced data-mining methods, in this case -the PCA method, to reduce the number of variables describing the structure of decathlon on the basis of career progress of the 25 best Polish competitors, competing in years 1985-2015.
Methods
The study material involved data of career progress of the 25 best Polish competitors from Poland, competing in years 1985-2015. The competitors were selected on the basis of their personal records and length of their sports careers, which could be no shorter than 5 years. The accumulated data (194 participations) involved the best entries of competitors in each year of their careers, containing final results and partial results from each of the ten component events expressed in metric units and in points. The database was created on the basis of the provided PZLA result database (PZLA, 2016) and published PZLA statistical yearbooks for the period between 1985 -2015 (PZLA, 1985 -2006 .
In studies carried out to reduce the number of variables characterising the career progress of the best Polish decathlon participants the principal component analysis (PCA) was used. PCA method involving matrix operations is used for multidimensional data exploration, projection and visualisation. PCA analysis results in new principal components which are linear combinations of vectors subjected to analysis regarding maximisation of variance description. The designated components, which represent multidimensional input date in a new plane contain the most important data regarding volatility of the acquired and analysed study material. Reduction of data dimensionality is carried out by studying the acquired eigenvalues of principal components describing the percentage of described Principal Component Analysis in the Study of Structure of the Best Polish Decathlon Competitors from the Period between 1985-2015 data variance. The choice of the appropriate number of components included in the following analyses is based on the criterion adopted by the researcher, e.g. Kaiser's criterion, scree test or others. This thesis utilises Kaiser's criterion, which eliminates from further analysis principal components of eigenvalues of less than 1 (Bishop, 2006; Daszykowski, Walczak, 2008; Hardle, Simar, 2007; Kassambara, 2017; STHDA, 2018) .
All analyses were carried out with the use of R programming language with additional packages (R Core Team, 2018).
Results
Utilising the accumulated research material involving the career progress of 25 Polish decathlon competitors competing in years 1985-2015 basic statistics were designated, presented in Table 1 . The highest result in the group of Polish combined event competitors was achieved by Sebastian Chmara, who scored 8566 pts in Alhama de Murcia in 1998, taking first place and beating Polish record (Matthews, 2013) . In accordance to Daszykowski, Walczak (2008) the element being decisive in decreasing the data dimensionality through substitution of some variables by new variables being linear combinations of original parameters are correlations between individual variables. In order to study the correlation between component events of decathlon and the impact of these events on the final result of the competition the values of Pearson's linear correlation were calculated r xy , which are presented in Figure 1 .
By analysing the values of correlation coefficient, a crucial and significant impact of nine component events on the final result of decathlon was observed (r xy > 0.59). The smallest correlations were found between total result and the 1,500 m run where the value of correlation coefficient was at the level of -0.29. By studying the correlations between the component events of decathlon, the highest values were determined for discus throw and shot put (r xy = 0.72) as well as 100 m run and long jump (r xy = -0.64) and 400 m run where the r xy was at 0.64. The smallest correlations were observed for the variable of 1,500 m run. The exception was the correlation of that event with 400 m run, which amounted to r xy = 0.53.
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The result of the PCA analysis was creation of 10 new principal components describing the total variance of original data. On the basis of the acquired eigenvalues of components (Table 2) , which describe value of variance of contained data, and the assumed Kaiser's criterion the first three principal components were chosen, which describe 69.77% volatility of acquired data. The graphic interpretation of eigenvalues of principal components is shown in Figure 2 . Eigenvalues of principal components
Figure 2. Eigenvalues of principal components -graphic interpretation
Each variable of original data included in PCA analysis has a specific contribution to building new components. Percentages of variables describing the first three principal components were placed in Table 3 , and their graphic form was presented in Figures 3-5 . By studying the structure of the first component seven explanatory variables were found, among which the highest percentage was reached by variables corresponding to events: 100 m run, long jump and shot put. The remaining variable with values above the red dashed line (Figure 3 ) have a less severe but important impact on the quality of information stored in the first principal component. The second principal component (Figure 4) is composed of variables storing the result data of 1,500 m run (43.81%), 400 m run (26.45%) and discus throw (14.89%). The structure of the last principal component ( Figure 5 ) contains the variable of high jump, which explains 39.95% of variability and variables of discus throw and 1,500 m run. The structural correlation between variables and principal components can also be illustrated on a factor map (Figures 6-8 ). Factor map is used for graphical presentation of result on a plane described by the created principal components, and shows the correlation strength and coefficient of correlation between variables and the quality of their representation, as well as helps define (description, naming) the principal components. On the basis of the chart creating the plane described by the first two principal components (59.76% of the total variance) and drawn variables (Figure 6 ) a significant correlation between 100 m and 110 m sprints was observed, which negatively correlate with long jump and pole vault events. Also observed was a positive correlation between throw events. The variable storing data on the results achieved by decathlon competitors in 1,500 m run does not indicate correlation with the rest of the variables, except for an insignificant correlation with 400 m run. In the chart described by the second and third component a large share of 1,500 m run in creation of the second component was observed, which, similarly as before, does not indicate correlations with other events except for 400 m run. By projecting the variables on the ordinate axis formed by the third component a large share of high jump variable and discus throw can be seen in the structure of the third variable which confirms the previous observations ( Figure 5 ). In addition, in the spaces described by the included principal components, significant positive relationships between the variable discus throw and shot put (DT and SP) were observed. Variables on Factor Map Figure 8 . Projection of variables on the factor map described by the first and third principal component
Discussion
Study of the structure of decathlon, searching for correlations between component events and the final result can be practically implemented and significantly improve the training process of a competitor. Mathematical and statistic methods were often used in research involving the complexity of this form of combined event competition. The acquired research material encompassing the career progress of 25 Polish decathlon competitors, competing in years 1985-2015, was used in principal component analysis (PCA) in order to decrease dimensionality and define the structure of new components representing the collected data.
The results achieved by the athletes in all ten events have significance and impact on the final, total result of decathlon (Furdal, 1986; Nowak, 1989 ). Pearson's linear correlation analysis carried out on the studied group has shown that almost all events have significant impact on the final results (for nine events r xy > 0.59). The event with the smallest influence on the final result of a decathlon competitor is 1,500 m run, with the value of correlation coefficient at -0.29. Because 1,500 m run has a completely different character from the remaining events (endurance performance versus speed/strength preparation), while the motor requirements of decathlon involve mostly speed/strength effort (Vana, 2003) , the speed/strength preparation is an important, while difficult to achieve, element of physical preparation (Dziadek, Iskra, Przednowek, 2016) . On the basis of the analysis of the value of correlation coefficients between the decathlon competition, it was found that the most dependent on each other were the discus throw and shot put (r xy = 0.72). Similar observations were observed by Furdal (1986) , who analysed the results obtained by the 158 athletes starting in 1980-1983, who determined the largest dependencies for these two throwing competitions (r xy = 0.61). Walaszczyk (1998) , presented analysis relationships between the decathlon components in three successive Olympic cycles (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) among of the 50 world's best decathletes, the largest correlation values in the analysed periods also concerned the discus throw and shot puts (r xy = 0.59; 0.56; 0.76). The importance of the relationship between the discus throw and the shot put was also presented by Socha (1977) and Iskra (1990) , where the calculated correlation coefficient were, respectively, r xy = 0.56 and r xy = 0.54.
Principal component analysis led to definition of 10 new components describing the total variance of the collected research material. Thanks to the Kaiser's criterion employed by us, the further part of the studies involved only the first three principal components which described over 69% of variables. The same criterion was used by Park, Zatsiorsky in their work (2011), who also employed three principal components, which described 70% of data variance regarding the competitors' performance competing in Olympic Games in years 1988-2008. By using the factor map and internal structure of components it was observed that the first component (describing 45.3% of the total variance) is composed mostly of variables involving 100 m run and long jump, which are typical speed events and shot put which involves mostly strength and technique. The composition of the second component (14.5% of the total variance) involves considerable information content regarding 1,500 m and 400 m runs, which require endurance and run tactics, while the third component (variance at 10.0%) is composed mostly of high jump, the results of which are determined by speed and explosive strength of lower limbs of the competitor.
Conclusion
The employed method of principal component analysis and the obtained results allowed us to draw the following conclusions:
-the first three principal components describe 69% variables of acquired data, -the largest share in the total variance is displayed by the first principal component, which is described by 100 m run, long jump and shot put, -the study of the relationship between variables in the new plane displayed strong correlations between sprint events (100 m, 110 m hurdles) and long jump and pole vault which suggest that speed and power are most important abilities in selection for the decathlon, -no significant correlations between the 1,500 m run and other events were found.
